Evidence of prior autoerotic asphyxia is often difficult to establish due to the decedent's efforts to hide the activity from others. In this case report, we suggest that a healed fracture of the thyroid cartilage is indicative of prior autoerotic asphyxia activity.
INTRODUCTION
Evidence of prior autoerotic asphyxia is often difficult to establish during a death investigation due to the decedent's efforts to hide the activity from others. In this case report, we suggest that a healed fracture of the thyroid cartilage is indicative of prior autoerotic asphyxia activity. Acute fractures of the superior horns of the thyroid cartilage are sometimes seen in ligature hangings. Therefore, the presence of a healed fracture of a superior horn, in the setting of an autoerotic asphyxial death, is likely indicative of prior autoerotic asphyxial activity.
CASE REPORT

Scene Investigation
The decedent was a 45-year-old man who was found unclothed on his bedroom floor with a belt ligature around his neck. He was found by his father who opened the door and noticed that something was preventing it from completely opening. The father did not recall hearing any unusual activity in the room beforehand. There appeared to be an area of the upper door frame that was clean of dust and was thought to represent the attachment point for the ligature. A second ligature was loosely wrapped around the decedent's scrotum and connected to his wrists.
Other nearby items at the scene included a cellphone with a dead battery, a mirror on the bed, and a barbell with an adjacent towel. The cellphone was locked with a code so it could not be ascertained whether the phone was being used at the time of death.
A definitive escape mechanism was not identified but the nearby barbell and towel may have represented components of an escape mechanism. The towel may also have been used to protect the neck from bruising as a means of concealment of the activity. Escape mechanisms and concealment efforts are often, but not always, present at autoerotic asphyxia death scenes.
The decedent did not have a known history of depression, suicidal ideation, substance abuse, or autoerotic activity. The father, who was nearby in the next room, did not hear any unusual activity in the room during the day.
Autopsy
At autopsy, external examination revealed fixed lividity of the lower extremities in a "stocking-pattern," consistent with the body initially being in an upright position. An incomplete ligature furrow surrounded the neck, with a ligature abrasion pattern that matched that of the overlying belt. There were no petechial hemorrhages of the face, gingiva, or conjunctivae. Internally, an anterior layered neck dissection revealed only minimal hemorrhage of the strap muscles and focal hemorrhages of the anterior surfaces of the thyroid cartilage ala. There were no recent fractures of the hyoid bone, thyroid cartilage, cricoid cartilage, tracheal cartilages, or cervical vertebrae. However, there was a healed, displaced fracture of the right superior horn of the thyroid cartilage with fracture callus (Image 1). The fractured tip was displaced anteriorly and medially. Gross photography and postmortem radiography of the thyroid cartilage were performed, which confirmed the presence of a healed fracture with callus (Image 2). Histology of the fracture showed a displaced fracture in an advanced stage of healing with well-formed lamellar bone and central medullary cavity, and only focal periosteal fibrous callus (Image 3). Prior to disrupting the anatomical structures for histologic examination, images of the formalin-fixed larynx specimen were acquired with a handheld three-dimensional (3D) Artec (Luxembourg City, Luxembourg) Space Spider surface scanner. Three-dimensional printing was undertaken in the 3D Laboratory within the Department of Radiology at a major academic medical center affiliated with the medical examiner office. Postmortem toxicology was negative.
DISCUSSION
Autoerotic death is defined as an unanticipated death in the course of solo sexual activity in which an arousal-enhancing device is employed along with an apparent safety or escape mechanism (1). The most common method employed to increase arousal is asphyxia 
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in which a device is designed to lower the brain's oxygen supply to achieve heightened sexual pleasure. This is most commonly done with a ligature, although cases of inhalation of chemicals and the use of a plastic bag have also been identified as alternative means of achieving the same effect. Rarer forms of autoerotic death have been documented and include electrocution and drowning (aquaeroticum) (2, 3).
The underlying mechanism of autoerotic asphyxia by ligature involves constriction of the neck, producing hypoxia due to diminished cerebrovascular circulation as well as retention of carbon dioxide with resulting hypercapnia (4) . This state produces a light-headed sensation which enhances sexual pleasure in the practitioners.
There are between 500 and 1000 deaths attributed to autoerotic activity in the United States and Canada each year (4). The decedent is typically a single, young to middle aged, Caucasian man who is solitary in nature. There is typically no history of depression or suicidal ideation. Individuals will go to great lengths to hide their activities, most being found in their private residence behind closed doors.
The scene usually displays an element of fetishism, bondage, and/or cross dressing being the most common. A pornographic element may also be present. As the practitioner does not want others to know of their practices, there is usually an effort made to hide bruises caused by the ligature through means of some padding. Evidence of prior autoerotic asphyxia may be found at the scene, including worn areas that served as an anchor for repeated suspensions. An escape mechanism, or fail-safe device, is also often found. Escape mechanisms involve a way to automatically release pressure when the practitioner becomes unconscious. In autoerotic death, the escape mechanism fails resulting in death. In some instances, a definitive escape mechanism is not identified. In such cases, the individual relies upon maintaining consciousness as a safety measure.
Autoerotic deaths are accidental deaths because the intent of the individual is enhanced sexual gratification, not death. However, during the initial stages of a suspected autoerotic death investigation, it is important to search for alternative causes and manners of death such as an accidental drug overdose, suicide by ligature strangulation, or homicide by ligature or manual strangulation. Because the scene typically involves an undressed body with evidence of recent sexual activity and presence of ligatures, a sex-related homicide must be considered. Suicide can be difficult or impossible to distinguish from autoerotic asphyxia if there is a history of depression, prior suicide attempt, or absence of an escape mechanism. An argument may also be made that some types of autoerotic asphyxia carry such a high risk of death that suicide would be an appropriate classification, similar to the reasoning for classifying "Russian Roulette"-type of deaths as suicide. However, manner of death classification should not be based on simplistic categorizations of deaths, but rather on the specific features of each individual case. Nonetheless, most, if not all, instances of bona fide autoerotic asphyxia deaths should fall in the accident category. As with all types of cases, the cause and manner of death should only be determined after consideration of all available information obtained through a complete death investigation including record review, scene investigation, law enforcement investigation, complete postmortem examination, toxicology, and other relevant studies.
In the case presented, the decedent fit the typical profile of someone who engages in autoerotic asphyxia: a single, young to middle-aged, Caucasian man. At the scene, there was evidence of fetishism including the ligature around the genitalia and the mirror on the bed. The ligature around the wrists and genitals was loosely wrapped and would have allowed the decedent to free himself at will, reducing suspicion for a sex-related homicide. Law enforcement investigation determined that no other individuals could have entered the son's room because the father was home the entire day and no unusual activity was heard. No evidence of pornographic material was found; however, it could be postulated that the cellphone was used for this purpose. While no definitive escape mechanism could be determined, the barbell and towel found in close proximity to the decedent could have been components of 
a release mechanism. The towel may have also initially been used as padding between the belt ligature and the neck to prevent visible neck injury. Petechial hemorrhages were not identified, but the ligature furrow of the neck with patterned abrasions as well as focal hemorrhages of the strap muscles and soft tissue overlying the thyroid cartilage ala all support asphyxial neck compression as the cause of death. No other cause of death or significant trauma was identified and the toxicology screen was negative. The presence of a "stocking-distribution" lividity pattern on the lower extremities with Tardieu spots indicates that the body was initially in an upright position leaned against the door prior to the father opening it. There was also no history of depression or expression of suicidal intent. Finally, the remote fracture with healing of the right superior horn of the thyroid cartilage was suggestive of prior autoerotic asphyxial activity involving neck compression. Given the overall findings, the cause of death was certified as ligature hanging (autoerotic asphyxia) and the manner of death as accident.
One challenge associated with the investigation and certification of deaths associated with autoerotic activity is the frequent absence of a known history of such activity. Individuals who engage in autoerotic activity often hide their activity from family members and friends. In fact, the presence of materials at the scene that are specifically intended to prevent the formation of visible injuries, such as a towel around the neck to prevent the formation of neck abrasions, is one of the characteristic hallmarks of an autoerotic death scene. This absence of history can lead to refusal by the family to accept the death as an accidental death but instead suspect a homicidal death. Therefore, it is important to search for evidence of prior autoerotic activity, even though such evidence has usually been deliberately hidden by the decedent and therefore can be difficult to find. Rarely, video or audio recordings of prior activity may be found. Very few studies have attempted to find autopsy markers of prior autoerotic asphyxial activity. One study examined whether intra-alveolar hemosiderin was indicative of prior asphyxial episodes, but no significant difference was found between autoerotic asphyxial deaths and control groups (5).
To our knowledge, this case report is the first to suggest that a healed fracture of a superior horn of the thyroid cartilage is indicative of prior autoerotic asphyxial activity. In this particular case, the healed fracture was displaced anteriorly and medially allowing easy identification, but a nondisplaced fracture without callus formation would be difficult to detect without careful dissection and histologic examination. Therefore, histologic sampling of the superior horns of the thyroid cartilage may be useful in suspected autoerotic asphyxia.
Acute fractures of the thyroid cartilage or hyoid bone in the setting of hanging are seen with variably reported frequency ranging from less than 10% to as high as 68% (6, 7) . Fractures of the superior horns of the thyroid cartilage are the most commonly reported fractures in hanging deaths (7) . The amount of weight required to fracture the superior horns of the thyroid cartilage has been estimated to be approximately 3 kg, compared to the amount of force required to fracture the thyroid cartilage laminae (15.8 kg) and the cricoid cartilage (20.8 kg) (8) . However, it is important to note that these studies typically use isolated specimens without attached musculature and tendons, and therefore may not reflect the true amount of force required to cause fracture. Fractures of the superior horns of the thyroid cartilage may also be artifactually induced during the removal of neck organs. Therefore, careful removal is required, and the presence of hemorrhage in the adjacent soft tissue is supportive of a true fracture.
Histologic examination may also assist in confirming the presence of an acute or healed fracture, or it may also reveal the presence of an occult fracture. Healed fractures of the superior horns of the thyroid cartilage are thought to be less common and are difficult to detect. One study, in which careful examination of the thyroid cartilage was performed in 1160 adult forensic autopsies, found 43 healed thyroid horn fractures (3.7%) in a variety of cases involving neck trauma, though histologic confirmation was not performed (9) .
